ABASTRACT. Purpose. This study was performed to find which types of hepatic CYP isoforms are responsible for the metabolism of mirodenafil (a new erectogenic) and one of its metabolite, SK3541, using various hepatic CYP inducers and inhibitors in rats. Methods. Mirodenafil at a dose of 20 mg/kg was administered intravenously in control rats and rats pretreated with various CYP inducers and inhibitors. The disappearance of SK3541 was also measured in vitro hepatic microsomes of rats with and without CYP inducers and inhibitors. Results. Compared with controls, in rats pretreated with 3-methylcholanthrene, orphenadrine, and dexamethasone (main inducers of CYP1A1/2, 2B1/2, and 3A1/2, respectively), the nonrenal clearances (CL NR s) of mirodenafil were significantly faster (by 39.4, 59.3, and 63.9%, respectively). However, compared with controls, in rats pretreated with quinine and troleandomycin (main inhibitors of CYP2D subfamily and 3A1/2, respectively), the CL NR s of mirodenafil were significantly slower (by 36.1 and 33.2%, respectively). In rat hepatic microsomes spiked with furafylline, quinine, and troleandomycin (main inhibitors of CYP1A2, 2D subfamily, and 3A1/2, respectively), the intrinsic clearances (CL int s) for the disappearance of SK3541 were significantly slower (by 18.4, 35.3, and 51.5%, respectively) than controls. Also in rat hepatic microsomes pretreated with orphenadrine (a main inducer of CYP2B1/2), the CL int for the disappearance of SK3541 was significantly faster (by 55.5%) than controls. Conclusions. The above data suggest that hepatic CYP1A1/2, 2B1/2, 2D subfamily, and 3A1/2 are involved in the metabolism of both mirodenafil and SK3541 in rats. _______________________________________________________________________________________
INTRODUCTION
Male erectile dysfunction, the present inability to achieve or maintain an erection for satisfactory sexual performance, is a common and important medical problem (1) . Recently, the phosphodiesterase type 5 (PDE-5) inhibitors are used to improve male erectile dysfunction by binding cyclic guanosine monophosphate and maintaining sufficient cellular levels in the smooth muscles (2) . Thus, mirodenafil (SK3530), 5-ethyl-2-{5-[4-(2-hydroxyethyl)piperazine-1-sulfonyl]-2-phenyl}-7-propoxypropyl-3,5-dihydropyrrolo-[3,2-d]-pyrimidin-4-one, has been developed to alleviate drawbacks of common side effects of PDE-5 inhibitors, such as headache, flushing, nasal congestion, and dyspepsia (3) . Mirodenafil was recently marketed in South Korea as Mvix ® (100 mg tablet; SK Chemicals, Seoul, South Korea) for the treatment of male erectile dysfunction. Rat liver microsomal studies have shown that mirodenafil was converted to eleven metabolites ( Figure 1 ) including SK3541 (5-ethyl-2-(5-(piperazin-1-sulfonyl)-2-n-propoxyphenyl)-7-npropyl-3,5-dihydro-4H-pyrrolo-[3,2-d]-pyrimidin-4-one) and SK3544 (2-(4-(3-(5-ethyl-7-n-propyl-3,5-dihydro-4H-pyrrolo [3,2-d] pyrimidin-4-onyl)-4-n-propoxyphenyl ) sulfonylpiperazin-1-yl ) ethylhydrogen sulfate; a sulfate conjugate of mirodenafil) (4) . _________________________________________ SK3541 was further metabolized to nine metabolites (4) . The IC 50 s of mirodenafil (0.338 nM) and SK3541 (3 nM) for the inhibition of PDE-5 were lower than that of other PDE-5 inhibitors, such as sildenafil (3.7 nM) and tadalafil (6.7 nM), but SK3544 has not PDE-5 inhibitory activity (an internal report).
Thus, the pharmacokinetics of mirodenafil and SK3541 were evaluated in the present study. In vitro human liver microsomal studies have shown that cytochrome P450 (CYP) 3A4 was the major enzyme and CYP2C8 was a minor enzyme for the N-dealkylation of mirodenafil (5) , but the studies on humans in vivo did not reported yet. Thus, this study was performed to find hepatic CYP isoforms responsible for the metabolism of mirodenafil and SK3541 in vivo and in vitro using various hepatic CYP inhibitors and/or inducers in rats. Although the rat results can not predict well the human results (6) , the homology between rat and human CYP isozymes has been reported (7) . 
METHODS AND MATERIALS

Chemicals
Mirodenafil, SK3541, and SK3544 were supplied from Life Science Research Center, SK Chemicals (Suwon, South Korea). Sildenafil [internal standard for the high-performance liquid chromatographic (HPLC) analysis of mirodenafil, SK3541, and SK3544], catalase, the reduced form of β-nicotinamide adenine dinucleotide phosphate (NADPH; as a tetrasodium salt), ethylendiamine tetraacetatic acid (EDTA; as a disodium salt), tri(hydroxymethyl)aminomethane (Tris)-buffer, and dextran (mol. wt. of 40-60 KDa) were purchased from Sigma-Aldrich Corporation (St. Louis, MO). The following non-specific inhibitor of CYP isozymes, main specific inhibitors and inducers of various CYP isozymes were also purchased from Sigma-Aldrich Corporation; SKF 525-A [SK; a non-specific inhibitor of CYP isoforms (8) 
Animals
The protocols for these animal studies were approved by the Institute of Laboratory Animal Resources, Seoul National University, Seoul, South Korea. Male Sprague-Dawley rats (5-9 weeks old, weighing 220-300 g) were purchased from Samtako Bio Korea (Osan, South Korea). Rats were maintained in a clean-room (Animal Center for Pharmaceutical Research, College of Pharmacy, Seoul National University) at a temperature of between 23 ± 2 o C with 12-h light (0700-1900) and dark (1900-0700) cycles, and a relative humidity of 55 ± 10%. Rats were housed in metabolic cages (Tecniplast, Varese, Italy) under filtered pathogenfree air, and with food (Sam Yang Company, Pyeongtaek, South Korea) and water available ad libitum.
Pretreatments of Rats with Various CYP Inducers and Inhibitors
Rats received a single intravenous injection (via the jugular vein) of 80 mg (2 mL)/kg of sulfaphenazole (11) in SPT group, a single intraperitoneal injection of 50 mg (3.3 mL)/kg of SKF 525-A (8) in SKT group, 500 mg (5 mL)/kg of troleandomycin (15) in TMT group, or 20 mg (5 mL)/kg of quinine hydrochloride (13) in QNT rats, three daily intraperitoneal injections of 50 mg (5 mL)/kg of dexamethasone phosphate (19) in DXT group, 150 mg (3 mL)/kg of isoniazid (18) in INT group, or 60 mg (5 mL)/kg of orphenadrine citrate (17) in OPT group, or four daily intraperitoneal injections of 20 mg (3.3 mL)/kg of 3-methylcholanthrene (16) in MCT group. Control groups received an intraperitoneal (or intravenous) injection of 5 mL/kg of 0.9% NaCl-injectable solution for SKC, TMC, QNC, DXC, INC, and OPC groups, or 3.3 mL/kg of corn oil for MCC group. 'T' and 'C' refer to rats with pretreatment and control, respectively. During the pretreatment, the rats had free access to food and water.
Intravenous Administration of Mirodenafil in Rats Pretreated with Various CYP Inducers and Inhibitors
The procedures used for treatment of rats including the cannulation (early in the morning) of the carotid artery (for blood sampling) and the jugular vein (for drug administration) were similar to a reported method (20) . Each rat was housed individually in a rat metabolic cage (Daejong Scientific Company, Seoul, South Korea) and allowed to recover from light ether anesthesia for 4−5 h before beginning the experiment. Each rat was not restrained in the present study. An experiment was performed just after injection for SPT and SPC groups, after 1 h for SKT, SKC, QNT, and QNC groups, after 2 h for TMT and TMC groups, on the forth day for DXT, DXC, INT, INC, OPT, and OPC groups, or on the fifth day for MCT and MCC groups (20) .
Mirodenafil [dissolved in PEG 400 : distilled water (1 : 1, v/v)] at a dose of 20 mg (2 mL)/kg was manually administered intravenously for 1 min via the jugular vein of control groups (n = 10 for DXC and INC groups, n = 7 for OPC, SKC, SPC, QNC, and TMC groups, and n = 6 for MCC group), and pretreated groups (n = 8 for DXT and MCT groups, n = 7 for INT, OPT, and TMT groups, and n = 6 for SPT, SKT, and QNT groups). Blood samples (approximately 0.12 mL, each) were collected via the carotid artery at 0 (control), 1 (end of the administration), 5, 15, 30, 60, 90, 120, 180, 240 , and 360 min after the start of the intravenous administration of mirodenafil. The procedures used for preparation and handling of the 24-h urine sample (Ae0−24h) were similar to a reported method (20) .
Disappearance of SK3541 after Incubation of SK3541 with Rat Hepatic Microsomes
To investigate whether SK3541 is further metabolized via CYP isoforms in rat hepatic microsomes, the disappearance of SK3541 was measured. The procedures used for preparation of hepatic microsomes were similar to a reported method (21) . The livers from five control rats were used. Protein content in hepatic microsomes was measured using a reported method (22) . The disappearance (primarily metabolism) of SK3541 was determined after incubating the hepatic microsomes (equivalent to 0. To investigate which hepatic CYP isoforms are responsible for the metabolism of SK3541 in rats, the disappearance of SK3541 was measured using the similar methods as mentioned above disappearance of SK3541 (21) .
Maximum velocity (V max ) and the apparent Michaelis-Menten constant (K m ; the concentration at which the rate is one half of the V max ) for the disappearance of SK3541 were determined after incubating the above microsomal fractions (equivalent to 0.5 mg), 5-μL of methanol containing SK3541 final concentrations of 0.5, 1, 5, 10, 50, 100, 200, and 500 μM without and with 5-μL of methanol containing a final concentration of 10 μM α-naptoprofen (9), 20 μM furafylline (10), 50 μM cimetidine (11), 10 μM sulfaphenazole (12), 3 μM quinine hydrochloride (12) , 50 μM diethyldithiocarbamate (14) , or 50 μM troleandomycin (12) and 50-μL of 0.1 M phosphate buffer of pH 7.4 containing 1 mM NADPH. The volume was adjusted to 0.5 ml by adding 0.1 M phosphate buffer (pH 7.4). The components were incubated in a water-bath (37 o C, 500 opm). For the studies on the mechanism-based inhibitor (α-naphthoflavone, furafylline, diethyldithiocarbamate, and troleandomycin) and controls, the microsomes, CYP inhibitor, and NADPH were preincubated for 15 min and 20 units of catalase were added to prevent auto-inactivation of CYP isozymes during preincubation of microsomes with NADPH (9). All of the microsomal incubation conditions were within the linear range of the reaction rate. The reaction was terminated by addition of 0.2 mL of acetonitrile to a 0.1 mL of sample after 20-min incubation. Similar experiments were also performed in OPT and OPC rats (n = 5, each) to investigate whether hepatic CYP2B1/2 is responsible for the metabolism of SK3541 in rats.
The kinetic constants (K m and V max ) for the disappearance of SK3541 were calculated using a non-linear regression method (23) using Michaelis−Menten equation. The intrinsic clearance (CL int ) for the disappearance of SK3541 was calculated by dividing the V max by the K m .
Measurement of Rat Plasma Protein Binding of Mirodenafil Using Equilibrium Dialysis
Protein binding values of mirodenafil to fresh plasma from OPT, DXT, SKT, and QNT rats and control rats were measured using equilibrium dialysis (24) at a mirodenafil concentration of 5 μg/mL. One milliliter of plasma was dialyzed against 1 mL of isotonic Sørensen phosphate buffer of pH 7.4 containing 3% (w/v) dextran ('the buffer') in a 1 mL dialysis cell (Spectrum Medical Industries, Los Angeles, CA) using a Spectra/Por 4 membrane (mol. wt. cutoff of 12-14 KDa; Spectrum Medical Industries). After 12-h incubation, two 100-L were removed from 'the buffer' and plasma compartments, respectively, and stored at -70 o C until used for the HPLC analysis of mirodenafil.
HPLC Analysis of mirodenafil, SK3541, and SK3544
Concentrations of mirodenafil, SK3541, and SK3544 in the samples were determinated using a reported HPLC method (25) . In brief, 75-L of acetonitrile containing 1 g/mL sildenafil (internal standard) was added to 50-L of a sample. After vortex-mixing for 1 min and centrifugation (15000 × g, 10 min), 50-L of the supernatant was injected directly onto a reversed-phase (C 18 ; Symmetry ® ; 100 mm, ℓ.  4.6 mm. i.d.; particle size, 3.5 m; Waters, Milford, MA) HPLC column. The mobile phase, 20 mM ammonium acetate : acetonitrile (52 : 48, v/v), was run at a flow-rate of 1.4 mL/min, and the column eluent was monitored using an ultraviolet detector at 254 nm, at room temperature. The retention times of SK3544, sildenafil (internal standard), SK3541, and mirodenafil were approximately 4.0, 5.6, 7.0, and 8.3 min, respectively. The detection limits of mirodenafil and SK3541 in rat plasma and urine samples were all 0.03 g /mL. The corresponding values of SK3544 in rat plasma and urine samples were all 0.1 g/mL. The coefficients of variation (intra-and inter-day) were all below 9.83%.
Pharmacokinetic Analysis
The total area under the plasma concentration-time curve from time zero to infinity (AUC) was calculated using the trapezoidal rule-extrapolation method (26) . The area from the last datum point to time infinity was estimated by dividing the last measured plasma concentration by the terminalphase rate constant.
Standard methods (27) were used to calculate the following pharmacokinetic parameters using a non-compartment analysis (WinNonlin ® ; professional edition version 2.1; Pharsight, Mountain View, CA); the time-averaged total body, renal, and non-renal clearances (CL, CL R , and CL NR , respectively), the terminal half-life, the mean residence time (MRT), and the apparent volume of distribution at steady state (Vd ss ). The peak plasma concentration (C max ) and time to reach C max (T max ) were directly read from the experimental data.
Statistical Analysis
A p value < 0.05 was deemed to be statistically significant using an unpaired t-test. All data are expressed as means  standard deviations except medians (ranges) for T max .
RESULTS
Pharmacokinetics of Mirodenafil, SK3541, and SK3544 after Intravenous Administration of Mirodenafil in Rats Pretreated with Various CYP Inducers
After intravenous administration of mirodenafil at a dose of 20 mg/kg in MCT, OPT, INT, and DXT rats, and control rats (MCC, OPC, INC, and DXC rats, respectively), the mean arterial plasma concentration-time profiles of mirodenafil and SK3541 are shown in Figure 2 . The relevant pharmacokinetic parameters including SK3544 are listed in Table 1 . After intravenous administration of mirodenafil, the mean arterial plasma concentrations of both mirodenafil and SK3541 declined in a poly-exponential fashion for all groups of rats. SK3544 was below the detection limit in all the plasma samples collected.
The AUCs of mirodenafil were significantly smaller in MCT, OPT, and DXT rats (by 28.7, 35.4, and 40.0%, respectively) than controls. The corresponding values of CL (by 40.6, 58.0, and 63.9%, respectively) and CL NR (by 39.4, 59.3, and 63.9%, respectively) of mirodenafil were significantly faster than controls. In OPT and DXT rats, the Vd ss s of mirodenafil were significantly larger (by 78.5%) and smaller (by 53.9%), respectively, than controls. In DXT rats, the terminal half-life, MRT, and Ae 0−24 h were significantly shorter (by 61.6%), shorter (by 72.2%), and smaller (by 64.1%) than controls. The AUCs of SK3541 were significantly smaller in MCC, OPT, and DXT rats (by 44.9, 34.2, and 60.1%, respectively) than controls. In DXT rats, the terminal half-life of SK3541 was significantly shorter (by 49.7%) than controls. Note that compared with DXC rats, the final body weight gain was significantly lighter (by 8.99%) in DXT rats as reported in other studies (18) . The Ae 0−24 h and CL R of mirodenafil after its intravenous administration to rats pretreated with all CYP inducers studied were almost negligible. Thus, the contribution of changes in the above two parameters to other pharmacokinetic parameters of mirodenafil could be almost negligible.
Pharmacokinetics of Mirodenafil, SK3541, and SK3544 after Intravenous Administration of Mirodenafil in Rats Pretreated with Various CYP Inhibitors
After intravenous administration of mirodenafil at a dose of 20 mg/kg in SKT, QNT, TMT, SPT rats and control rats (SKC, QNC, TMC, and SPC rats, respectively), the mean arterial plasma concentration-time profiles of mirodenafil and SK3541 are shown in Figure 3 . The relevant pharmacokinetic parameters including SK3544 are listed in Table 2 . After intravenous administration of mirodenafil, the mean arterial plasma concentrations of both mirodenafil and SK3541 also declined in a poly-exponential fashion for all groups of rats. SK3544 was also below the detection limit in all the plasma samples collected.
The AUCs of mirodenafil were significantly greater in SKT, QNT, and TMT rats (by 62.3, 53.5, and 48.9%, respectively) than controls. The corresponding values of CLs (by 39.0, 36.1, and 33.2%, respectively) and CL NR s (by 39.0, 36.1, and 33.2%, respectively) of mirodenafil were significantly slower than controls. The Vd ss s of mirodenafil in SKT, QNT, and TMT rats were significantly smaller (by 29.4%), smaller (by 35.2%), and larger (by 26.8%), respectively, than controls. In TMT rats, the terminal half-life and MRT of mirodenafil were significantly larger (by 48.2 and 86.6%, respectively) than controls. In SPT rats, the terminal half-life, CL R , and Ae 0−24 h were significantly larger (by 48.2%), slower (by 57.7%), and smaller (by 52.5%), respectively, than controls. The AUCs of SK3541 in SKT, QNT, and TMT rats were significantly greater (by 38.6, 68.5, and 67.4%, respectively) than controls. In TMT rats, the terminal half-life and C max of SK3541 were significantly larger (by 16.4%) and higher (by 66.6%), respectively, than controls.
Disappearance of SK3541 after Incubation of SK3541 with Rat Hepatic Microsomes
In rat hepatic microsomal studies, the percentages of the spiked amount of SK3541 disappeared after 20-min incubation were 91.9, 75.4, and 49.5% for 0.5, 1, and 5 g/mL of SK3541, respectively.
Hepatic V max , K m and CL int for the Disappearance of SK3541 with and without CYP Inhibitors and CYP2B1/2 Inducer
The V max , K m and CL int for the disappearance (primarily metabolism) of SK3541 in hepatic microsomes are listed in Table 3 . Among CYP inhibitors studied, the V max was significantly slower only in TMT rats (by 74.8%) than controls, suggesting that the maximum velocity for the disappearance of SK3541 was slower by troleandomycin. However, the K m s in FFT and QNT rats were significantly higher (by 47.3 and 119%, respectively) than controls, suggesting that the affinity of enzymes for SK3541 decreased by furafylline and quinine. As a results, the CL int s were significantly slower in FFT, QNT, and TMT rats (by 18.5, 35.4, and 51.5%, respectively) than controls, suggesting that the disappearance of SK3541 was slower by furafylline, quinine, and troleandomycin. The above data suggest that inhibition of metabolism of SK3541 by troleandomycin was a non-competitive manner and that by furafylline and quinine was a competitive manner. In OPT rats, the V max and CL int were significantly faster (by 96.4 and 55.4%, respectively) than controls.
Rat Plasma Protein Binding of Mirodenafil Using Equilibrium Dialysis
Protein binding values of mirodenafil to fresh plasma from MCT, OPT, INT, DXT, SKT, QNT, TMT, and SPT rats and control rats were 89.0 ± 0.727, 86.6 ± 1.46, 87.4 ± 11.2, 94.2 ± 3.31, 90.6 ± 1.82, 95.0 ± 1.91, 84.8 ± 3.35, 91.6 ± 2.86, and 87.8 ± 0.497%, respectively. Compared with controls, the free (unbound to plasma proteins) fraction of mirodenafil was significantly greater in OPT and TMT rats (by 9.84 and 24.6%, respectively), but significantly smaller in DXT, SKT, and QNT rats (by 52.5, 23.0, and 59.0%, respectively).
It has been reported that binding of mirodenafil to 4% human serum albumin, similar to the ratio of albumin in rat plasma (28) , was constant, 92.5%, at mirodenafil concentrations from 0.5 to 100 g/mL (24). Thus, a mirodenafil concentration of 5 g/mL was used in this plasma protein binding studies.
DISCUSSION
In the present in vitro and in vivo studies, it was proven that metabolism of both mirodenafil and SK3541 was mediated via hepatic CYP1A1/2, 2B1/2, 2D subfamily, and 3A1/2 in rats. After intravenous administration of mirodenafil at doses of 5, 10, and 20 mg/kg in male Sprague-Dawley rats, the AUCs of both mirodenafil and SK3541 were dose-proportional (24) . Thus, a 20 mg/kg intravenous dose of mirodenafil was chosen for this study.
After intravenous administration of mirodenafil in rats, the contribution of the CL R to the CL of mirodenafil was almost negligible (Tables 1 and 2 ). This suggests that intravenous mirodenafil was almost completely eliminated via a non-renal route (CL NR ). After intravenous administration of mirodenafil, the contribution of the gastrointestinal (including the biliary) excretion of unchanged drug to the CL NR of mirodenafil was almost negligible; the percentages of the intravenous dose of mirodenafil at doses of 5-20 mg/kg recovered from the gastrointestinal tract (including its contents and feces) at 24 h as unchanged drug (GI 24 h ) and the 24-h biliary excretion of mirodenafil were almost negligible (24) . Also mirodenafil has been found to be stable in rats' gastric and bile juices (24) . Thus, the CL NR s of mirodenafil listed in Tables 1  and 2 could have represented its metabolic clearances, not likely due to the chemical and enzymatic degradation of mirodenafil in rats' gastrointestinal and bile juices. Additionally, changes in the CL NR of mirodenafil could have represented changes in its metabolism in rats. To find whether hepatic CYP isoforms are involved in the metabolism of mirodenafil in rats, SKF 525-A (a non-specific inhibitor of hepatic CYP isoforms in rats) was administered in rats. Compared with SKC rats, the significantly slower CL NR of mirodenafil in SKT rats (Table 2) indicates that mirodenafil is metabolized via hepatic CYP isoforms in rats. Thus, various hepatic CYP inducers and inhibitors were administered to find what types of hepatic CYP isoforms are involved in the metabolism of mirodenafil in rats. Although the various main inhibitors (inducers) of each CYP isozyme used in this study were reported to be generally used as specific inhibitors (inducers) in in vivo metabolism studies, they might involved for the inhibitors (inducers) of minor other CYP isozymes. Thus, the present results are confined to the main CYP isoforms. In MCT, OPT, and DXT (main inducers of CYP1A1/2, 2B1/2, and 3A1/2 in rats, respectively) rats, the CL NR s of mirodenafil were significantly faster than controls (Table 1 ). In contrast, in QNT and TMT (main inhibitors of CYP2D subfamily and 3A1/2 in rats, respectively) rats, the CL NR s of mirodenafil were significantly slower than controls (Table 2) . The number of rats are as followings; (A) n = 7 for SKC rats and n = 6 for SKT rats, (B) n = 7 for QNC rats and n = 6 for QNT rats, (C) n = 7 for both TMC and TMT rats, and (D) n = 7 for SPC rats and n = 6 for SPT rats. Bars represent standard deviations.
The above data suggest that hepatic CYP1A1/2, 2B1/2, 2D subfamily, and 3A1/2 could contribute to the metabolism of mirodenafil in rats. Unexpectedly, the AUC SK3541 /AUC mirodenafil ratios with various CYP inducers (Table 1) and  inhibitors (Table 2) were not significantly increased and decreased, respectively, than controls. This could have been due to that SK3541 was further metabolized via hepatic CYP1A2, 2B1/2, 2D subfamily, and 3A1/2 in rats as mentioned in the hepatic microsomal studies (Table 3 ) and previous report (5) . Moreover, the metabolites of SK3541 ( Figure 1) were not measured in the present study. The above data suggest that in vivo CYP inducers and inhibitors are not appropriate for determination of CYP enzymes responsible for the metabolism of SK3541 after intravenous administration of mirodenafil. Thus, the in vitro studies for the measurement of CL int for the disappearance of SK3541 were performed.
In vitro rat hepatic microsomal studies, the CL int s for the disappearance of SK3541 by furafylline, quinine, and troleandomycin (main inhibitors of CYP1A1, 2D subfamily, 3A1/2, respectively) were significantly slower and that by orphenadrine (an inducer of CYP2B1/2) was significantly faster than that of respective controls. The above data (based on changes in the CL int ) suggest that SK3541 was mainly metabolized via hepatic CYP1A2, 2B1/2, 2D subfamily, and 3A1/2 in rats. In vitro humans hepatic microsomal studies, CYP3A was the major enzyme and CYP2C8 was a minor enzyme for the metabolism of mirodenafil (5) . In the present in vivo rat studies, hepatic CYP1A1/2, 2B1/2, 2D subfamily and 3A1/2 could contribute to the metabolism of mirodenafil. The homologies between human CYP2C8, 3A3, 3A4, 3A5, and 3A7 and rat CYP2C13, 3A1, 3A1, 3A2, and 3A2 are 68, 78, 73, 71, and 65%, respectively (7) .
Compared with controls, the Vd ss of mirodenafil was significantly larger in TMT rats, but was significantly smaller in DXT, SKT, and QNT rats (Tables 1 and 2 ). This could have mainly been due to a decrease in the free fractions of mirodenafil in the plasma from DXT, SKT, and QNT rats, and an increase from TMT rats. However, in OPT rats, the free fraction of mirodenafil increased by only 9.84%, whereas the Vd ss increased by 78.5% compared with controls ( Table  2 ). The exact reason for this is unclear and further studies are needed to determine the reason.
CONCLUSIONS
Metabolism of both mirodenafil and SK3541 was mediated via hepatic CYP1A1/2, 2B1/2, 2D subfamily, and 3A1/2 in rats. The present results will play an important role in explaining the possible pharmacokinetic changes of mirodenafil and SK3541 in various rat disease models in which the CYP isoforms mentioned above are changed. For example, in rats with protein-calorie malnutrition (29) , acute renal failure induced by uranyl nitrate (30) , and diabetes mellitus induced by alloxan or streptozotocin (31) , mutant Nagase analbuminemic rats, an animal model for human familial analbuminemia (32) , and rats pretreated with lipopolysaccharide endotoxin induced by E. coli (33) or Klebsiella pneumoniae (34) . These results could also contribute to explain possible drug-drug interactions between mirodenafil and other drugs which are primarily metabolized via hepatic CYP1A1/2, 2B1/2, 2D subfamily and/or 3A1/2.
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